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(57) Abstract 

A device for monitoring partial discharges 
in high-voltage equipment (1), which has 
a higji-voltage bushing (21, 22, 24) with 
a capacitive test tap (31, 33, 34). The 
device has an inductive current transducer in 
the form of a measuring coil (4) arranged 
around the high-voltage bushing, as well as 
signal-processing members (SB) which, for 
detection of partial discharges, are supplied with 
measurement signals from die coil (u) and from 
the test tap (i). The device further comprises a 
current path (36) which is coupled to the test tap 
and arranged outside the coil and which, together 
with the conductor (24) of the bushing, forms 
a current loop around the coil for signals (i) 
coming from inside the apparatus and originating 
from partial discharges. 
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A device for monitoring partial discharges in an electric 
hig^ .vnltaae apparatu s or hiah-voltaqe equipment 

TECHNICAL FIELD 

5 

The present invention relates to a device for monitoring 
partial discharges in such electric high-voltage equipment 
or high- voltage apparatus, for example a high-voltage 
transformer, which has a high- voltage bushing with a 

10 capacitive test tap. The device comprises an inductive 
current transducer in the form of a measuring coil 
arranged around the high- voltage bushing, and signal- 
processing members adapted, for detection of partial 
discharges, to be supplied with signals from the inductive 

15 current transducer and from the capacitive test tap. 

BACKGROUND ART 

From the older Swedish patent application 9501664-8, which 
20 corresponds to the international patent application 
PCT/SE96/00558, a device and a method for monitoring 
partial discharges in an electric power transformer are 
previously known. The transformer has a high- voltage 
bushing with a capacitive test tap, from which a 
25 measurement signal is obtained which is a measure of the 
electric field at the bushing. An inductive transducer in 
the form of a coil system, arranged around the bushing, 
delivers a measurement signal corresponding to the current 
through the bushing. The two measurement signals are 
30 supplied to signal-processing members. In these, the 
signals are multiplied by each other, which makes it 
possible to distinguish internal discharges from external 
disturbances or other signals. Further, the signal- 
processing members comprise means for closer analysis of 
35 the measurement signals, for example for determining the 

level of the internal partial discharge and for triggering 
an alarm signal if the level exceeds a predetermined alarm 
level . 
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It has proved that this known device has certain disad- 
vantages. Thus, the sensitivity of the device to internal 
discharges varies with the working conditions of the 
transformer, and under certain circumstances the sensiti- 
5 vity is annoyingly low. Further, the sensitivity to inter- 
nal discharges, that is, the discharges which are of 
interest, is always lower than the sensitivity to external 
discharges or other external disturbances, which is an 
obvious disadvantage. The difference in sensitivity to 
10 external and internal discharges also makes the calibra- 
tion of the device difficult. 

In the known device, the two measurement signals originate 
from transducers of different types - one capacitive test 

15 tap and one inductive measuring coil. Since the signals 

during the signal processing are multiplied by each other, 
they must have the same phase occurrence. To achieve this, 
the input circuits of the signal-processing members for 
the two measurement signals must be different, and 

20 further, individual adjustment of the input stages in 
dependence on, inter alia, cable length and type of 
bushing is required. 

The galvanic connection from the capacitive test tap to 
25 the signal -processing members further entails a not insig- 
nificant risk of the latter being subjected to overvol- 
tages or other disturbances, for example in case of 
lightning strokes or other disturbances on the network to 
which the transformer is connected. 

30 

In the known device, the current from the capacitive test 
tap must pass back and further through the cable and the 
contact means which couple the test tap with the signal- 
processing members, and in the latter through that impe- 
35 dance network in the form of resistors, capacitors and 
inductors which is included in the matching circuits of 
the input stages. This involves a not insignificant risk 
of interruption in the circuit, which in turn entails a 
risk of damage to the bushing. 



i 
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SUMMARY OF THE INVENTION 

It is an object of the invention to provide a device of 
the kind stated in the introduction, which, compared with 
5 prior art devices of the relevant kind, has increased 
sensitivity for detection of internal partial discharges 
and at the same time a reduced sensitivity to external 
partial discharges or other disturbances. 

10 Another object of the invention is to provide a device in 
which, to make possible a simple and accurate calibration, 
the sensitivity can be made similar for both internal and 
external discharges. 

15 A further object of the invention is to provide a device 
in which the input stages of the signal-processing members 
may be designed identical, and in which the need of indi- 
vidual adjustment is eliminated. 

20 A still further object of the invention is to provide a 

device which offers greater operating and personal safety 
and exhibits less sensitivity to disturbance than the 
prior art device. 

25 What characterizes a device according to the invention 
will become clear from the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

30 The invention will be explained in more detail in the 

following with reference to the accompanying Figures 1-5, 
wherein 

Figure 1 shows a prior art device of the kind described 
35 above, wherein Figure la schematically shows the construc- 
tion of the device and its connection to a power trans- 
former, wherein Figure lb illustrates the funcion in case 
of an internal discharge, and wherein Figure lc shows the 
function in case of an external discharge, 
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Figure 2 shows the principle for a simple embodiment of a 
device according to the invention, 

Figure 3 shows an embodiment of the invention with 
5 current-distributing members which distribute the current 
from the capacitive test tap between two current paths, 
one of which runs outside the measuring coil and one of 
which traverses the coil, 



10 Figure 4 shows a variant of the embodiment shown in Figure 
3, wherein the two terminals of the capacitive test tap 
are used for coupling of the measuring conductors from the 
test tap, 

15 Figure 5 shows a preferred embodiment wherein the current- 
dividing member is constituted of a first current trans- 
former, and wherein a second current trans forme is adapted 
for measurement of the current from the capacitive test 
tap. 

20 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Figure la shows a prior art device, known from the above- 
mentioned older patent application, for monitoring partial 

25 discharges in an electric power transformer. The figure 

schematically shows a transformer 1 with a bushing 2. The 
bushing has a metal pipe 21 which is attached to the 
casing of the transformer. The pipe 21 supports an insula- 
tor 22, in which the conductor 24 (see Fig. lb) of the 

30 bushing is arranged and connected to the electrical 

connection 23 of the bushing. The bushing has a conven- 
tional capacitive test tap with a connection box 32. From 
the test tap (in case of a change of the voltage on the 
conductor of the bushing) , a measurement signal is 

35 delivered in the form of a current tt i". Around the lower 
part of the bushing, a measuring coil 4 is applied, and 
from this a measurement signal *u" is obtained (in case of 
a change of the current in the conductor of the bushing) . 
The measurement signals are supplied to a signal- 
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processing member SB via cables 35, 41 (e.g. coaxial 
cables) . 



Both the measuring coil 4 and the signal-processing member 
5 SB are suitably designed in the manner described in the 
above-mentioned patent application. Thus, the measuring 
coil is preferably a whole or divided Rogowski coil, and 
the signal-processing members are suitably adapted (after 
necessary matching, filtering, amplification, etc.) to 

10 multiply the two measurement signals, which makes possible 
a determination of whether a detected partial discharge 
originates from inside the transformer or is caused by an 
external discharge or other external disturbance. From the 
signal-processing member SB, a signal PDI is obtained 

15 which is a measure of the level or intensity of internal 
partial discharges in the transformer. In the manner 
described in the previous patent application, this signal 
may be supplied to a data-collection system for monitoring 
the transformer, for example for triggering an alarm if 

20 the discharge level exceeds a predetermined limit value, 
or for analysis of the condition and function of the 
transformer in dependence on the detected discharges. 

Figure lb schematically shows a section through the 
25 bushing in the device according to Figure la. The casing 
of the transformer 1 is shown connected to ground in the 
figure, and the potential of the transformer casing will 
hereinafter be designated "ground" although, in certain 
cases, the transformer may be erected on a potential 
30 deviating from ground. Via the conductor 24 of the 
bushing, the transformer is connected to a network, 
symbolically shown as an impedance element NI which 
corresponds to the impedance of the network, as viewed 
from the transformer. 

35 

The bushing has a schematically shown capacitive test tap 
with two connection terminals 33 and 34. The terminal 33 
is coupled to a capacitor layer 31 arranged in the 
bushing, and the terminal 34 is coupled to the metal pipe 
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21, that is, to ground potential. The two terminals are 
coupled to the cable 35. 

The measuring coil 4 is only shown schematically in the 
i figure with its connection terminals 42 and 43, to which 
the cable 41 is coupled. 



The measurement signals tt i" and n u" are supplied to 
matching circuits ADPl and ADP2 via the cables 35 and 41. 

10 The matching circuits are part of the input stage of the 
signal-processing member SB and comprise impedance net- 
works with passive circuit elements in the form of resis- 
tors, capacitors and inductance elements for impedance 
matching of the inputs of the signal -processing member, 

15 and possibly also for matching of the levels of the 

signals to each other. The output signals of the matching 
circuits are forwarded to other circuits (not shown in the 
figure) , included in the signal-processing member, for 
filtering, amplification, multiplication, etc. 

20 

Figure lb illustrates the function of the device in the 
case of an internal partial discharge. The discharge is 
assumed to be caused by a positive current out through the 
conductor 24. One part of the current, n i", is coupled to 

25 ground via the capacitive test tap, and another part, 

*iz", is coupled to ground via the network coupled to the 
transformer, for example via line capacitances, surge 
arrestes and load objects. The total current caused by the 
discharge is thus i + iz. However, the current *i* flows 

30 both back and forth through the measuring coil - up 

through the conductor 24 and down through the pipe 21 - 
and does not give rise to any net current through the 
coil. The only current which the coil measures is thus i z - 
The measurement signal will therefore be dependent on the 

35 impedance of the load of the transformer. During high- 
voltage testing, for example, a load is not always connec- 
ted, and the current sensed by the coil thus becomes low 
and the sensitivity of detection of the device poor. 
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Figure lc shows the function of the device in the case of 
an external partial discharge. In this case, there pass 
through the measuring coil both the current *it" which 
flows to ground via the transformer winding W and the 
5 current *i w which flows to ground via the capacitive test 
tap. Thus, the coil measures the current i + i t . 

The above facts contribute to give the device higher 
sensitivity to external discharges and hence also to 

10 external disturbances- On the other hand, the sensitivity 
is low to internal discharges, which is the very 
phenomenon that is desired to detect. Further, the 
different sensitivities to internal and external dis- 
charges, as well as the sensitivity to internal discharges 

15 which varies with the load impedance, render the calibra- 
tion of the device difficult. 

As mentioned above, it is required that the two measuring 
channels exhibit the same phase characteristic, which 

20 requires that, for example, the input stage for the signal 
from the capacitive test tap modifies this measurement 
signal such that its characteristic as far as possible 
becomes the same as the signal from the measuring coil. 
Further, it has proved that an individual adjustment of at 

25 least one input stage is required in connection with 
installation of the device, which is due, among other 
things, to variations in cable length and to the type of 
bushing being used. 

30 Figure 2 shows one embodiment of the invention. In this 

embodiment, the current-carrying return conductor 36 from 
the signal-processing member SB is not, as in the 
previously known device, coupled to the ground terminal 34 
of the test tap but instead extended past - outside - the 

35 coil 4 to a ground connection 11 on the transformer 

casing. The conductors 24, 35 and 36 thus form a current 
coil around the coil for discharge signals originating 
from inside the transformer, which results in these 
signals in their entirety being detected by the coil. 



WO 98/16841 



PCT/SE97/01678 



8 

The figure shows the case with an internal partial 
discharge. As is clear from the figure, the coil will 
detect the whole current i + iz. The sensitivity to such 
discharges will thus be good and its dependence on the 
5 load impedance of the transformer is considerably reduced. 
For an external discharge, on the other hand, only the 
current i fc is detected (cf. Fig. lc) . The sensitivity to 
such discharges, as well as to external disturbances, is 
thus considerably reduced compared with the known device, 
10 which involves an additional advantage. 

If the measuring coil 4 were ideal, the current flowing 
through the • conductor 36 would not at all cause any 
induced voltage in the coil. In practice, there is a risk 

15 of this current giving rise to a certain induced voltage 
in the coil. Under certain circumstances, this may mean 
that an external discharge or disturbance gives rise to a 
measurement signal from the coil with such a polarity that 
the device incorrectly detects the signals as originating 

20 from an internal discharge. According to the improvement 
of the invention shown in Figure 3, there is therefore 
arranged, in addition to the current path 36 arranged 
outside the measuring coil, also a second current path 37 
traversing the coil. Further, there is arranged a current- 

25 distributing member 5, which distributes the current n i" 
from the test tap between the two current paths. The 
current distribution is made in such a way that one 
current k-i flows through the conductor 37 and one current 
(l-k)i through the conductor 36. The conductors 36 and 37 

30 are connected together after the passage of the conductor 
37 through the measuring coil and the current *i # is 
thereafter passed via a current-measuring device 6 to the 
ground connection 11. The current -measuring device 
delivers a measurement signal i', corresponding to the 

35 current *i", to the signal -processing member SB. 

In the case of an internal partial discharge, shown in the 
figure, the coil measures the current 
i x + (l-k)-i 
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and for an external discharge or disturbance, the 
following current is measured 
i t + k-i 

It has been found that, with reasonable values of the 
5 constant k, the above-mentioned disadvantage of the device 
in Figure 2 may be eliminated. Preferably, k is chosen 
such that 0.1 £ k < 0.5. A lower value of k gives higher 
sensitivity to internal discharges and lower sensitivity 
to external discharges and disturbances, and is therefore 
10 preferable from these points of view. To obtain a simple 
calibration of the device, however, it may be advantageous 
to choose k = 0.5, which - if i 2 and i t are small compared 
with w i* - gives approximately the same sensitivity to 
internal and external discharges. 

15 

Normally, a power transformer has no ground connection 
which corresponds to the connection 11 in Figures 2 and 3, 
and in practice it is mostly difficult or unsuitable to 
arrange such a connection especially for the monitoring 
20 device according to the invention. However, a capacitive 
test tap normally has two connection terminals, one of 
which is connected to ground. For practical reasons, 
therefore, it is often desirable to use this ground 
terminal for ground connection of the monitoring device. 

25 Such an embodiment of the device is shown in Figure 4 
(also this figure only shows the case of an internal 
partial discharge) . The conductor 36 is there extended 
upwards through the measuring coil and is coupled to the 
ground terminal 34 of the test tap via the current 

30 measuring device 6. The function is the same as that 

described with reference to Figure 3, since the current 
(l-k)i flowing upwards through the coil in the figure 
gives rise to an equal current flowing downwards through 
the pipe 21 and thus does not cause any net addition to 

35 the total current through the measuring coil. 

Figure 5 shows how the circuits, connected to the capa- 
citive test tap, are designed in a preferred embodiment of 
the invention, wherein both the current-distributing 
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member 5 and the current-measuring member 6 are consti- 
tuted by current transformers. The current transformer 5 
has two windings 51 and 52. With the chosen winding pola- 
rities, a current w i* from the test tap will be distri- 
5 buted between the conductors 36 and 37 with the proportion 
(l-k)i through the conductor 36 and the proportion kl 
through the conductor 37. The ratio between the number of 
turns of the windings determines the constant k, and, for 
example in case of equal number of turns of windings, k = 
10 0*5. 

The current transformer 6 has two primary windings, 61 and 
62, coupled into the current paths 36 and 37. The secon- 
dary winding 63 of the transformer is coupled to the input 
15 stage of the signal-processing membes SB and delivers 

thereto a measurement signal i' corresponding to the sum 
of the currents in the conductors 36 and 37, that is, to 
the current tt i" . 

20 This embodiment has several advantages. The current 
transformer 6 can be simply designed with the same 
impedance as the measuring coil. The two measurement 
signals will then have the same frequency and phase 
characteristic, which means that the two input circuits in 

25 the signal -processing members may be designed identical 
and that the need of individual adjustment during 
installation is eliminated. Further, the signal-processing 
members through the current transformer are galvanically 
separated from the bushing, which entails a reduced 

30 sensitivity to disturbances and overvoltages . An addi- 
tional advantage is that the capacitive test tap (33) 
becomes grounded (through the conductors 36, 37 and the 
current transformers) in a relatively direct and 
interruption-safe manner, which minimizes the risk of 
35 interruptions, which would otherwise damage the bushing. 

The embodiments of a device according to the invention 
described above are only examples, and such a device may 
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be designed in a large number of other ways within the 
scope of the invention. 



Thus, the invention has been described above in connection 
5 to its use in a power transformer. However, a device 
according to the invention may be used for monitoring 
partial discharges in other high-voltage equipment or 
apparatus, for example in gas-insulated switchgear 
equipment. 

10 

In the examples described above, the invention has been 
described in connection with a certain type of bushing, 
but it may, of course, be applied to other types of 
bushings as well. Also, the measuring coil, which in the 
15 examples described is placed between the capacitive test 
tap and the apparatus (the transformer), may, within the 
scope of the invention, be alternatively placed on the 
other side of the test tap (above this in the figures) . 

20 The embodiments shown in Figures 3 and 4 have current- 
measuring devices (6), the output signals (i') of which 
are supplied to the signal-processing members. Alterna- 
tively, however, the current w i" of the test tap may also 
in these embodiments be passed directly to the input 

25 stages of the signal-processing members in the manner 
shown in Figures 1 and 2. 
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CLAIMS 

1. A device for monitoring partial discharges in an 
electric high-voltage apparatus or high-voltage equipment, 

5 such as a high-voltage transformer (1), which apparatus 
has a high- voltage bushing (2) with a capacitive test tap 
(31-33), and which device comprises an inductive curent 
transducer in the form of a measuring coil (4) arranged 
around the high- voltage bushing, as well as signal- 

10 processing members (SB) adapted, for detection of partial 
discharges, to be supplied with measurement signals from 
the inductive current generator (u) and from the capaci- 
tive test tap (i, i'), characterized in that the device 
comprises a first current path (36) which is connected to 

15 the capacitive test tap and arranged outside the coil and 
which is arranged so as to form, together with the con- 
ductor (24) of the high- voltage bushing, a current loop 
around the coil for signals coming from inside the appa- 
ratus and originating from partial discharges. 

20 

2. A device according to claim 1, characterized in that it 
comprises a second current path (37) traversing the coil 
as well as current-distributing members (5) adapted to 
distribute a current (i) flowing from the capacitive test 

25 tap between the first (36) and second (37) current paths. 

3. A device according to claim 2, characterized in that 
the current-distributing member (5) is in the form of a 
current transformer with a first winding (51) coupled into 

30 the first current path (36) and a second winding (52) 
coupled into the second current path (37). 

4. A device according to any of claims claims 2 and 3, 
characterized in that the current-distributing member (5) 

35 is adapted to distribute the current from the capacitive 

test tap between the current paths such that a current (1- 
k) i passes through the first current path and a current k-i 
passes through the second current path, wherein 

i is the current from the capacitive test tap 
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k is a constant in the interval 0.1 < k < 0.5. 

5. A device according to any of the preceding claims, 
characterized in that a current transformer (6) is 

5 arranged for measurement of a currient (i) flowing from the 
capacitive test tap and that the output signal (i') of the 
current transformer is adapted to be supplied to the 
signal -processing members (SB) . 

6. A device according to claim 5, characterized in that 
the current transformer (6) is designed such that, in 
relation to the signal -processing members (SB), it 
exhibits substantially the same impedance as the measuring 
coil (4) . 

7. A device according to any of the preceding claims in an 
apparatus, the high-voltage bushing of which has a capaci- 
tive test tap with two connection terminals (33, 34), one 
of which (34) constitutes a ground connection, 
characterized in that the current path or paths (36, 37) 
coupled to the capacitive test tap is/are coupled between 
the two connection terminals (33, 34) of the capacitive 
test tap. 

25 8. A device according to any of the preceding claims, 

characterized in that the measuring coil (4) is a Rogowski 
coil. 
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